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(54) METHOD OF SELECTING HIGH-SPEED-SMALLPOWER THRESHOLD VOLTAGE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of 
selecting threshold voltage of an element for maintaining a 
high-speed operation while reducing power consumption. 
SOLUTION: To begin with, a critical path is discriminated 
by a specified standard (42). All transistors have a high 
initial threshold voltage (40). For the transistors excluding 
those on the critical path, the static power outflow is 
minimized, holding the initial high threshold voltage. 
Speed up of switching is materialized, selecting the 
transistors within the critical path by a specified standard 
(43), and giving it a low threshold voltage. For an element 
low in threshold voltage, static power consumption in a 
standby mode is large, but this power outflow is accepted 
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fttf^ft^^ as the trade off for raising the passage speed of cntical 

■ path. The operation with a higher frequency becomes 



possible while optimizing the integrated circuit and 
reducing the general power consumption by lowering the 
supply voltage and minimizing the dynamic power. 
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fc*©, JH-T- (1 4~1 6, 1 8 — 2 4, 2 8~30) 

mzmm-z (42) . ±h 7 fa^tam* 

\s>s-fc>v K®ESr*-f5 (4 0) . * !J 7" -f #/HfcSgg 

8rt©h7^^^Sr, @?j£©g*PK«fcoTi!#L (4 
3) » ©VV* u-v-^A- ^>fyf>/0 

tea. 
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x^/Wfcg&fcSffiS'J-f 5fi|5g (4 2) ; /5f£cDy-^ 

3) ; y X^*/W/iSKrt<DStf|2il«?$tt 

(4 2) tt:ttft«ftl=*ny*tt*«:ftf9;!STS» 
n (5 0) ; HWBHIBy-KKBBU WIS* o y # 
C»-r*«>niIW«Hfii«rK*i-*ft» (5 2) ;$ltJ,t 

tf« 2 y - k«-c» frteiHiK(oiHiK^^-oe»iis?r-& 

fM-aa« (5 4) ; tfrlEe88gifo^tf*s, MIE»2 
Kfc«igi-««*K:#l,T»fEI»IIB«IIWJB*t(lfc* 
WEJISl*Jj:tMll2y— KW©tt**r* y-x 
-f *A»fc UT«BiJi-*»» (5 6) ; jo «t tffflrffie»Sg 

a) ;a»&rt5rt*«w**-raH**iiB*©*i6. 

-rsfttt (40) : «nEia*rto^yy-f *-»Kce»«: 
sasij-rssfit (4 2) ;jjrjfe«>y~y-r iambic ut 

WS/*/P K«£Etr««i-*«Bf (4 3) ; toUTimtZ? 

4) zt*imb-*&jjm. 

(4 2) II : h/w«r«WEIBK©A*K**.«« 
B (60) ; ajeSftfcWA^ hAtfrlEftieA&ttli! 
;tK<* hA^4:lt«E-f««W (6 2) ; HieHJtStf/fc'* 

-rSSPg (6 4) :*iJ:tttME*JSS;h,fc'<* 

fg (66) ;*»6riliri:«r1«*ii-5BI**3e«0 



[00 0 1 ] 

««Olt4««»B] **Wf4, *MB»«>Kfrl= 
EggKtrSrftigfc-rSKS©, IftO^ i^>*vu KSEE© 
[0 0 0 2 J 

zm&iatmz., ^tt*3«tof^»sy3tt*aiaiK(ic) 

ilfif, SjWS^J (dynamic power) t f^tfjfi^ (static pow 
er) t©2o©^3gJC^fiJStu5o »ft«;*J i: »4, *g 
M. ^yf-^y. *JJ:0Mttttlw h?^***— # 

K «#*>2»t*e— K) e#v*T, #ihiinmSE(q 

uiescent leakage current)lw«toT^Sc?ix5'S^3© 
[00 0 3] t£3feiJfl?-ei4. «A.iH*4rffi*W-5-*W 

/W KWT©Jiix^;iSE (sub-threshold leakage current) 
[000 4] 

[00 0 5] 

[»ffi«rft?SH-* *«>©#&] S^j^ftSriS 

ioT? !) (critical path) Sr^giJ-T 

5„ ^h7^^^ttffi©«JJW^v->*yuK®E (L# 
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[0 0 0 6] 

@Bi 0©«jaB#*£nTv*a o obi on. «*. 

tf % VDD=1. 0#/Uh«)««|l&«ffi«lf^<Ofc»»-*» 

«*) "CSbf^ L * »t tttffc 4 v fc** i: S r i: # 
-C£5 e D-l7!)s'^7oy^l-2(t t^D-AA 
"CAAAtr, WDy^^ny^CLKi: 
Sff-T^o 7yy^7oy/12C/-Kl3l:*»5 

LTSjf^TS h7V^^ 1 4, 16^- 
M^JS^StbTV^. h7^^ 1 8 ( 2 0, 2 2, 
2 4 0tt&4-hrtttt, NAND^- h t LTftfEU ft 
#R<EAi:Bfc*S«i-5. K2 5^*Slt«NAN 

BttPStU ^Dy^MCLKCJSSUt, ffl^JOUT 
ll:tttSC (R«5A • B) Sr^W-T5 0 *fc, 7jy 
/7P 20Q-W^fi. RfcSi: LTftf^-r^ h 

7^^2 8, 3 0 4rii2§LT, /— K 3 1 fc{t»K 
teA^tt^-T^o D-f7y^7n^3 2tt, 9 * 
y*flr»CLKU!Jfc»L-C, Rt»2 8-3 0*»6©« 
-S§-Ri£A£, ffl^OUT 2JCiSffl"fS. 
[0 0 0 7] BlOh7^^^tt, #*\ -ttt^^-V 

/uKlff (Vt) Sr HT"C»CS**«)^^ 
Vt4r*-f£ h9>^*#tt* *v*Vt«r#i-5 h7^ 
(SftKdown side)"t?tt, x KttBESr 

5o vt#B^h^>'^**£^l-£iH]Bte> y-h© 
[0 0 0 8] Hilw«LfcJ;5*EllMIISlT?tt, ^£>B 



**^-lcJ:oT»IB**tTV^6 2y-KIWC«>o-C, 8 

T ISJfe £ *XT V * 5 gggft <DB$H WfBHft (timing constrai 
nts)«rtta-r«*^ 4fctt**t*r«ifc-*'»rtBtt*««i: A/ 
iffci ft So »a<k«rBI5 loiDjfttt, 

[0 0 0 9] *^^^lo^Lt, 0S1 0<D? 

JWcJio-ciKJUSttS. 4t^)h7^^i:il» 

«SH<D±ffi"C^ 7 0 0 5 y h (mV) -Cfc5 0 ^y 
y-f #A/ftW*© h7 vi^^tt* ta^SiK^ Vxi/^/u 

Brtfl>loEA_hfl> ffivwt«r*rf-5«fc 

g8gi*3<avt#{g:^ h7^^> Vt3PiC<nff-a9 
h7^?t^K 5pflf(balance)tfafiKS^5. 

[0 0 10] K»*5j:tf(S«*ofc»©^^iy*/wKm 
£Eal^*-ffi^ (methodology) ^02 ^^i" 0 wO^ffiffe 

5 0 ^Dtyf, ^*y, t&t>Xf = — s r<(l>'? (coding) 

«r«*.fc3^tr*— # * ^?Att, 0 2/«cv^LEl4co 

40tC*5V>T. h7y^^U-24, 2 8, 3 0& 
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(netlisOSrJBfcl-So *yh9^Hl, 

* tf* 0>*fifcKifcSfc y*~* Srft^i" 5 t> O 

slwuKttESrWU -*ttOt©lt fi^tOffl^W* 
/UK«E, Wittf 3 5 0mVSr*i-5J:9^K3tS*t6 

[0 0 1 1] **rvfA 2 fc*5^T, HttRlfK*jlt* 

9*. #WI^ b y ^ C K L ^)RftRi:B8 LTRSS ft 
JEW»3fc*5V*TR9Ii-*. ::m Sfi«i4-i 

6*5jltfNANDy— hl8-24^^ y tfA'ftS 
HtLtilMSft, KW2 8-3 0^5f-f^ 

v>t, ^ y f^^gfert^fc^ h^vs^^SrSR 

U ^ft^(O^U^^^Kmff^m^^il^V--7 L ^^ 
^flSlfils (selection sorting function) Lfcri 5 o TlHSfli 

* <7)iliRte, ^ft <b <£>t*§l (propensity) K L ri* o Tft 

trails <t 9(c-r^ c 

[0 0 12] T.'rv^A 4^*5l^-C, * !)f-<*/Hi:I 
KrtTlS^Sftfc h7>^^ 14-16, 18-24 
SrlftgfiU ^r3EO^P^WS2i (timing criteria) £rfiS/e: 

rOiafflSJi. h7>"^^14-16, 18-20 

tcrtctb{z x r«)«ie«:sitAft&ft5rttta<»sft 

£5o h7^^ 2 8-3 0I2#^ yf>{*/^gl8 
^K«ffite«#3ftTV*S 0 ^ft?>^ h 

|:«jfcSftt^50T, Cftfe^fiiSttSltAftpTtli: 

[0 0 13] ^t^4 6TU ^»«S*ftfcBMOW 

* y ^-f ^/UfegB^^tt (performance) SrSSSSLo 



ffi*sn«sft5 0 »in»s!pttifcL»t5: 

^**0*uiy*/UK®ffi£ii5tf>5o fcSVMi, y 

^/vftggrto l oK±©^ Uv-zfc/P KflLES: SI «> 
#/^LT»£Sftfc«l&as, EIlM6«s±tt:fcJ:oT* 

y^A/^ttaB^fcskwiwsftfcift-etematticj: 

oTtt, ^(D^-T ^ ^^<Ojg»dSEIK^{*:oRf|-tt«»c 
[oo i 4] wz\z.&zt. 9 yr^^^gKWJ 

«^fy7 p 4 2^, y>y^ yZ?5 0 SrHTtPt <£> t LT, 
Elc»«B^E«SftTV^. ^ry^SOm *«J»c 
?p?*A*CLK0ttfMjRR«S % 10. 0 

MH z fc«9 3T&ft5 0 ^f^7 p 5 2m *>5*<0 

#iB»iiBtt*^ iwi«K»i:tR«*ft5. aur. >* 
mftfHtii** tt£SK0h?^***aiii-&*ttA 

ftWtE*iSffi*#«^Aft^ffi»W*^lil6WWilJ«<i 

y yyyu y^l a y *KJ:oTe»Sftfc(clo 

cked)^tc, ft^CLK^n y ^fS#(OSc*,T* s 0 ^ y 
'^5. 0^/# (ns) S&IC, «#3»s/— K2 5KSI 

ftOCLK^n 7 ^fl^4WDxyi;(05. 0^- 
y& (n s) mT^, m^y- K3 l^CpJSi-5i:V^9 
t<D-Cfe5o ^T5/^5 4m ® 1 *5 i TJ$$ 2 S—Y 
F^coiH3K^^^ea5aig«r^tti-5o S^SS 1 

4-16, NAND^- h 1 8 — 2 4 X ^«tt^SKS§2 
8 — 3 0Sriii§-r5^oeS»S®^#>«? 1 0. Onsi 
Lt^^P)ft5i:t5t, /-K13, 2 5^1^883 
jg^^tffi2 0. 0nsi:/i!), /-K13, 3 1 F^<7P 
eaSillSfil 0 n s i:^5 0 37y y-f*7* y/l 2, 2 
6, 3 2 4rai©-t-<5KlOi!$£hJ:, 1 0. OnstL 
T^-^L^ftSo *iry-7S 6 ^c4ol^T. ^^0^^ 
ff»3HE«>*W-*s, y — K 2 5 Cillt&tttOWIIlin 
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t^B^±oKy7 Mc»*rt-Sn'<* htt(rob 
ustness)«rt%iSl-AixT, y x-r 

LT«»l£iX5. ^O5/^flfCLK^30. OnsS 

P^l 2, giggl 4-16, *5£tfNANDy- h 
18-24 (i#t30. Onstf>iiffi) SrfitRLT, 
3 0 n s«i:4i:5^n y #i§-%rC L K£>#:£)£££>_bj&> 
9 = yi?<D5. 0ns|!f$-e(:/-K2 5l:ait5r 
fc*-C#ftV^-e, /-K13, 2 5MOgBli^!lf 
-fa^i:**. m&>94 S >#mh#/—Y\ 3, 2 

y- K3 i KW3ti-*flr*i-«rt-**>f 5 
^^JiBoSSrt-efci©^ /— Ki3. 3iwog 

77X2 y -7i 2*5J:VKIE«2 8-3 0£i§oTeS8:L 
(ift-C2 0. OnsOgSg) % 3 0. 0ns|(:4i: 
5, ^ p y ^fltC L KODco4*)±^ 5 x y y± 5 /> 
4<tt5.. Onsmlic, / — K3 1 izStmt&W* 
?>f5y^M»«:ifcni:i:45 8 XR. 5. 0ns 

[o o i 6l gijoa-^v' g >^i4, 2;- KIB«)|6#** 

- K2 5^Sd»T5«*fc#-J-S^'f S ^*Mft«r<EB 
f*Ui, /-K13, 2 SRBOggStt* y x^*/^ L 
TKSUSixS. fettfitt»E*sy— K3 U:»it5» 
#»w»i-S*^*^^Wjft4rJ«fci-»^ Z-K13, 
2 5m^fitS»^^ Df^yvt LT«9JSix5. ii 

[0 0 17] ^ yy-r*/wfte»4:«»J-t-S»Jo*fe*r 
*7-y76 0tC*iV*T. AAft*^* h 
/K #J;Lf;£, A= l*5J:tfB = l Sr % [UBSAAteSttD?- 

yT'e 4 letter, UJAi:*o»e;i-S«»* % 8E»*> 
-<*/ui LTK9JSix5. X7y76 6 lc*5V*T, ffi*7 



A=li5j:i;B=l(Di^ BRD^y 
2 ^ o >^ft-^CLKJS^O^, OUTl 

ttttiiouT 2tt»aoT*ftixfi^e>ftv\ out 

1 = 0*3 «fct>*OUT 2 = 0<Z>»£\ 4 — 1 6*5 

<t(/NANDy- h 1 8-2 4SriiiSt-8SKtt. gE*P 

i LTffi»J£4x, 5KS2 8-3 0 4riiifli-6tttttt, 

LT®S'J£;ix6o OUT 1 = l*Sj;tfOU 

T 2 = 2<D©-£\ gfigl 4-1 6fcit;NANDy- 
h 1 8-2 4Sriiiai-5SKtt*^ yy-f LT§K 
SJSiX* — *\ Se«§2 8-3 0£iiig1-5&8Sf4* y 

7— ItolMK y^-ra/utfcs. 

-^•iftS^H:, A^«»0«BM^fflfc:7y y77 
u y72 6 t 3 2*B»SllS i ^5 ^4ftJ8(race 
condition) ^r[H3}S"f"5 w t~Cfc£> 0 
[0018] g]2tCMoT, X7y74 3 ft, Bf^oy 

H^lSS'JfcS&jiSi (largest individual propag 
ation delay) CU^otV- htSIk^S. fc 

5 0 **ei6II^tt5 b 7 y ^^^(ox W'>^/u k 
Six, lfc\,^x : 7 L v74 2*m*)Ml^ SKftBa*** 

[ooi9] ^ y x-r h7 f&xf&m 

toF7V^^l:ii HW^# v^-T • ^~ KJdfc 

— h (transmission gate) <D X 0 fo 5 ^ -f 7<D\b\$& 
^/WK«EE«:ifiT*-frSfc«e><OB«y^ h±-ettSSt^ffi 
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14^ !> f -f #/u-ett^*>5«Hl^ft 1 1> t^. 

[0020] ^Uf>f */KcSH»C*5V^-C h 7^^ * 
trBKr&Zlcfeo^ffett. Bfft^a^ hHfcfcost fu 

nctionJiC^oTV- h-T5r t-C*)5o ^Jx.tf, lO 

hg83&c£c = i od+ 5 s t-tZo rr-e, d 
si4#wm^-e*>5 0 a^ms***^ 

5e*R@ffiJ4, «ft 5 9* 2f»*# 

feixS. y-^-f ^^«WBI4. lo£Lh<D 

-*vi^ • u~<;w • y — h £ LTt ii/^^r f43S#?cF 

[0 0 2 2] WiS^J:Vffi«*fll»<Ofc«>^*ii<t**L 

<Z>* US/sfc/U KMffiSA (threshold adj 
ust implant) 5 C tttJMf-CttttV\ Lri>L## 

6, -fiH*Rtt#*afcSftfctt&, R»J£*tfc*y 

v ? ^^J4^iE^nfcitA(implant)S:§tt^o Lfc*o 

»^*5»*ss*#icr4^»-e*>s. 

[0 0 2 3] K±©RW^E), #»0|tt, iSiS^it/iS 



±TO h9^^*Kf4»»I^u^*A'K«ffi, AStfJ 
»7 0 0mVtf«9^T5)htP5. ^y^-f*/!" 

48Brto l o«±© h ? y ^ ? Sr, (SvwtSrWf 
fcSrHS. vtj&MEv* h7y^^ii^^ • 

w*i4#v^«!Ba-e^w yfym^yf>rM4g 
[0024] :)xi -e^woafrWftSafiffilJcov^r 

fctiffllS^ttct 5o tf:^ot, *$MUl4r. ^tc^Lfc 

M©»#*5J:U c «H^6JfcKU<ev^-C«)*Hf4, WF 
»#o|SH^a* fcSEII-S totfc^ 

[mu *fflie]igscDfii^Ei 0 

[12] Bl^lgC^T, MttMRAffiJttrttttLo 

[03] * y^-< *A^ftftK«rRaiJi-fi^9 L ^^«:9i- 
7D-ft- ho 

[1214] * y^AA'&SKtrROJi-S, M©*? 1 *:/ 
l 0 

12, 3 2 D-fi7Uy^7Py^ 
13,25,31 y — K 

1 4, 1 6, 1 8, 2 0, 2 2, 2 4, 2 8, 3 0 h 

7>^^ 

2 6 7]j yZt 
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